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High training loads are associated with increased injury risk; however, the associated 
mechanism has not been established. The objective of this study was to determine if 
neuromuscular factors associated with injury are altered following a period of high training load 
exposure, which may explain the relationship between training and injury. Training load was 
measured daily via session ratings of perceived exertion. Neuromuscular factors such as 
movement quality, countermovement jump power, and range-of-motion were measured at pre- 
and mid-season (10-weeks in). Hip rotation ROM measures were shown to be more restricted at 
mid-season (p< 0.05). Ankle dorsiflexion ROM and jump power improved at mid-season (p< 
0.05). A positive correlation (r=0.447) between cumulative training load and the change in right 
hip ER (p< 0.05) was noted. Therefore, clinicians should consider addressing Hip rotation and 
ankle dorsiflexion ROM and monitoring training load for changes to decrease injury risk in 
female soccer players.
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CHAPTER I: INTRODUCTION 
 
Throughout all competition levels in athletics, injuries have consistently presented as  a 
problem during both training and competition.  Dependent upon the severity, injuries can cause a 
significant amount of time loss leading to decreased player ability (Carling et al. 2015). On 
average, in a study on professional male soccer athletes in which a season lasted 300 days, each 
player missed 37 days, 12% of the season due to injury (Ekstrand, Hägglund, and Waldén 2011). 
Certain injuries will be more prevalent than others dependent upon the sport. For female soccer 
players, anterior cruciate ligament (ACL) sprains are common along with hamstring and groin 
strains (Ekstrand, Hägglund, and Waldén 2011; Roos et al. 2009).  Injuries such as these can 
require an athlete to miss or be limited in practice, games or, a whole season (Roos et al. 2009). 
Successful teams have lower injury rates and better player availability than unsuccessful teams in 
professional football (Eirale et al. 2013; Hägglund et al. 2013). For these reasons, researchers 
and clinicians have a heightened interest in monitoring training load and its effect on injury risk.  
Training load can be defined as stress placed on the body by a performed activity (Jones, 
Griffiths, and Mellalieu 2017).  There are multiple ways to monitor training load.  An athlete’s 
load can be observed through their internal training load, external training load, or both. Internal 
training load refers to how the athlete responds to the training and the load placed upon them 
while external training load is the work the athlete puts out to overcome these stresses and loads 
(Drew and Finch 2016; T. Gabbett 2017; Campos-Vazquez et al. 2015). Internal
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 training load is measured through heart rate, blood lactate concentration or ratings of perceived 
exertion (RPE). External training load  is measured by variables such as an athlete’s speed, 
acceleration or the overall duration of a session  (Bourdon et al. 2017; Drew and Finch 2016; 
Drew, Cook, and Finch 2016). For this study, session ratings of perceived exertion (sRPE) 
multiplied with session duration will be utilized as the training load metric.    
The acute (prior 1-week) to chronic (prior 4-weeks combined) workload ratio (ACWR) is 
commonly used to monitor an athlete’s training load in sport (Hulin et al. 2016; Blanch and 
Gabbett 2016). The ACWR considers an athlete’s long-term chronic load of 4 weeks and 
compares it to their acute load of about 1 week. This ratio allows researchers, sports medicine 
staff and coaches to evaluate if the athletes are increasing their load too much or too fast. Large 
increases in one’s acute training load relative to their chronic training load, has been linked to 
heightened risk of injury in multiple sports (Jones, Griffiths, and Mellalieu 2017; Bourdon et al. 
2017; Hulin et al. 2016; T. J. Gabbett 2016). This is commonly referred to as a “spike” in the 
athlete’s acute training load. The association between injury risk and training load applies not 
only to when there is a spike in one’s acute load, but also to when one’s acute load is drastically 
below their chronic load (Hulin et al. 2016). Research has been able to show that a ratio of above 
1.5 and below a 0.5 puts an athlete at risk for injury (Hulin et al. 2016; T. J. Gabbett 2016).  In 
addition, it is important to note that chronic and cumulative training load have also shown to be 
correlated with injury in most sports (Colby et al. 2014; Brink et al. 2010). While there is strong 
evidence to support the association between training load and injury risk, the underlying 
mechanism between training load and injury has not been investigated in length. 
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 Training load may influence injury risk by modifying key neuromuscular characteristics 
associated with an individual’s biomechanical profile. For example, lower extremity range of 
motion may be negatively affected by alterations in an athlete’s training load. Adequate amounts 
of knee flexion, hip flexion and ankle dorsiflexion (DF) are required for proper landing 
biomechanics in order to decrease the risk of ACL tears (Fong et al. 2011; Whittaker et al. 2017; 
Dai et al. 2012).  Training load may play a role in an athlete’s range of motion throughout the 
season therefore increasing their risk for ACL tears. For example, restricted hip range of motion 
has been shown to have an association with non-contact ACL injuries (VandenBerg et al. 2017; 
Donohue et al. 2015; Mills et al. 2015). Decreased motion at the hips has been thought to result 
in more stress and strain on the knees (VandenBerg et al. 2017).  
Movement quality may also be negatively impacted by altered training loads. Movement 
quality assessments are designed to identify body asymmetries, assess mobility and stability 
within the kinetic chain of whole-body movements and detect poor-quality movement patterns 
(Dorrel et al. 2018).  These movements include hip flexion, knee flexion and ankle DF 
(Whittaker et al. 2017; Mills et al. 2015). Common movement screens for the lower extremity 
that have shown to be reliable in predicting injury are squat tests (double and single leg) 
(Deforest, Cantrell, and Schilling 2014; Donohue et al. 2015; Barker-Davies et al. 2018) and 
jump-landing tests, such as the Landing Error Scoring System (LESS) (Padua et al. 2009). Given 
the association between movement quality and injury risk, if training load induced alterations 
alter one’s movement quality then this may impact their risk of injury.  
One test that the helps identify acute fatigue and lower extremity power is the 
countermovement jump (CMJ) test (Balsalobre-Fernández, Tejero-González, and del Campo-
 4 
Vecino 2014a). This test assesses an athlete’s ability to produce a high amount of peak torque 
when pushing off the ground and jumping into the air while also measuring jump height 
(Balsalobre-Fernández, Tejero-González, and del Campo-Vecino 2014a; Balsalobre-Ferná ndez, 
Tejero-Gonzá lez, and del Campo-Vecino 2014). This test has also been shown to have a 
connection to training load in a study done on cross country runners (Balsalobre-Ferná ndez, 
Tejero-Gonzá lez, and del Campo-Vecino 2014). With limited research in the relationship 
between training load and countermovement jump, more research needs to be done to determine 
the strength of the relationship between these two variables. Potentially, as a predictor of fatigue 
the measurement of CMJ may help identify athletes at risk for injury through this facet.  
Previous research has demonstrated injury to be associated with one’s training load and 
neuromuscular (range of motion, movement quality) profiles. However, research has not 
examined how one’s training load and neuromuscular profiles may be related. Understanding 
this relationship may elucidate possible mechanisms underlying the association between training 
load and injury risk. Therefore, the purpose of this study is to identify whether there is an 
association between changes in cumulative training load and changes in injury risk factors 
throughout the season. We want to identify the direct association between training load and 
injury by looking at multiple predisposing factors that cause an increased risk of injury. These 
factors include movement quality (MQ), lower body power and range of motion (ROM). Both 
training load and predisposing factors will be measured throughout the season and analyzed for 
association. We will be looking for associations between the changes in predisposing factors 
over a season and changes in training load throughout the season. If there is a strong association 
between changes in a predisposing factor and changes in training load,  researchers and 
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clinicians can potentially use this information to address deficits in that specific predisposing 
factor in the athletes when there is a higher training load noted in an athlete to help mitigate the 
risk of injury.  
Statement of Purpose 
The purpose of this study was to investigate how an athlete responds to load from pre-
season to mid-season when most injuries were observed. Another aspect and purpose of this 
study was to use sRPE measures to monitor cumulative training load of the soccer players over 
time and to determine if there is a correlation between the athletes’ movement quality, ROM and 
lower extremity power.  
Dependent Variables 
1.) Movement Quality  
a. Landing Error Scoring System 
b. Squat Scores 
2.) Range of Motion 
a. Ankle Dorsiflexion 
b. Hip Internal Rotation (IR) 
c. Hip External Rotation (ER) 
d. Hip Rotational Arc 
3.) Lower Extremity Power 
a. Countermovement Jump using Force Plate 
Independent Variables 
1.) Training Load 
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a. sRPE measures multiplied by session duration 
Research Question 1 
1a.  How does training and competition affect a Division 1 Women’s soccer player’s DF, hip 
IR, hip ER and hip rotational arc from pre-season to mid-season? 
1b. How does training and competition affect a Division 1 Women’s soccer player’s LESS 
scores from pre-season to mid-season? 
1c. How does training and competition affect a Division 1 Women’s soccer player’s squat 
scores from pre-season to mid-season? 
1d. How does training and competition affect a Division 1 Women’s soccer player’s lower 
extremity power from pre-season to mid-season?  
Hypothesis: There will be a statistically significant difference between each variable from pre-
season to mid-season in which the biggest difference being in squat form, lower extremity power 
and jump landing LESS scores.  
Research Question 2 
2a. Is there a correlation between cumulative training load and changes in dorsiflexion, hip 
IR, hip ER and hip rotational arc measures from pre-season to mid-season in a Division 1 
Women’ soccer player?  
2b. Is there a correlation between cumulative training load and changes in LESS scores from 
pre-season to mid-season in a Division 1 Women’ soccer player?  
2c. Is there a correlation between cumulative training load and changes in total squat scores 
from pre-season to mid-season in a Division 1 Women’ soccer player?  
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2d. Is there a correlation between cumulative training load and changes in lower extremity 
power measures from pre-season to mid-season in a Division 1 Women’ soccer player?  
Hypothesis: There will be a strong positive correlation between training load and lower 
extremity power CMJ scores. There will be a moderate to strong positive correlation between 
training load and squat scores as well as jump landing LESS scores.  
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CHAPTER II: REVIEW OF THE LITERATURE 
Injury 
Injury can cause a substantial amount of time loss in competition for an athlete from any 
sport. Whenever necessary, the proper steps should be taken to reduce the risk of injury. An 
injury can be defined by clinical examination, athlete self-report and sport performance (Drew 
and Finch 2016).  The demands placed upon an athlete during training or competition can lead to 
abnormal stress loads on the joint resulting in injury (Shojaedin et al. 2014). One study showed 
that on average, in a professional men’s soccer team, each player gets injured twice during a 
season (Ekstrand, Hägglund, and Waldén 2011). This same study showed that 12% of the 
injuries were re-injuries that required a significantly longer absence from play to heal (Ekstrand, 
Hägglund, and Waldén 2011). Prevention of injury has become a key component of sports 
medicine. There have been many steps taken to identify athletes that are more at risk for injury.  
These methods include measuring and analyzing training load data, completing pre-season 
screenings for ROM, movement efficiency and fatigue and lower body power (Shojaedin et al. 
2014; Whittaker et al. 2017; Balsalobre-Ferná ndez, Tejero-Gonzá lez, and del Campo-Vecino 
2014).  
Different injuries are more common dependent upon the sport being played. In soccer, 
the most frequent  occurring injuries that cause time loss or have a high risk of injury are lateral 
ankle sprains, hamstring strains and ACL tears. (Dalton, Kerr, and Dompier 2009; Ekstrand, 
Hägglund, and Waldén 2011). The total injury rate per 1000 exposures is 8.44 (Roos et al. 2009).  
Aside from Football, Men’s and Women’s soccer have the highest rates of hamstring injury
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 leading to an injury rate of 3.05 per 10,000 athlete exposures in the NCAA (Dalton, Kerr, and 
Dompier 2009).  For females, the three most common sites for injury is the thigh and knee and 
ankle (Roos et al. 2009). The most common types of injury are ligamentous sprains and strains, 
more specifically hamstring, groin strains and ACL tears (Hägglund et al. 2013). ACL tears in 
soccer have an injury incidence of 14.6% (Hägglund et al. 2013).   
Training Load 
As the popularity of prevention in athletics has grown over the years, so has the interest 
in training load and its effect on injury risk. Through research, there is substantial evidence that 
an increase in training load places an athlete at a higher risk for injury (Jones, Griffiths, and 
Mellalieu 2017; Bourdon et al. 2017; Drew and Finch 2016). By measuring training load, one 
can monitor the changes in an athlete’s performance and how it might affect their injury risk 
(Halson 2014). As training load increases, so does the stress and strain on an athlete’s body and 
if they are not properly conditioned to deal with a certain level of training, the likelihood of 
injuries is substantially higher (Drew and Finch 2016). Training load can then be used to make 
decisions for future practices and individual playing time for players to mitigate the risk of injury 
(Halson 2014; Drew, Cook, and Finch 2016). There are two main forms of training load: internal 
and external (Bourdon et al. 2017; Drew and Finch 2016).  
Internal training load is the response of the external loads placed on the athlete (Drew and 
Finch 2016). It is often a measure of psychological and/or physiological stressors on the athlete 
during activity, representing how hard the athlete had to work to achieve the task at hand. These 
would be measures such as Rate of Perceived Exertion (RPE), heart rate (HR), blood lactate and 
oxygen consumption (Bourdon et al. 2017; Drew, Cook, and Finch 2016). RPE is one of the 
most commonly used internal training load measures (Williams et al. 2017; Halson 2014).    
 10 
External training load is the measure of the work the athlete completes during a session 
(Bourdon et al. 2017; Drew, Cook, and Finch 2016; Halson 2014; Soligard et al. 2016). This type 
of load solely looks at the actual work put out through variables such as power output, speed and 
acceleration (Bourdon et al. 2017; Halson 2014; Williams et al. 2017). More recently GPS 
systems have been used to help measure and monitor an athlete’s external output (Halson 2014; 
Johnston et al. 2014).  Both are useful and important in monitoring training load because  while 
external load exemplifies the actual work completed and the ability of the athlete to complete 
this work, internal load shows just how difficult it was for that particular athlete to complete the 
task (Soligard et al. 2016). Internal and external training load are often used together, but 
separate analyzation can be useful especially when a researcher is looking for something specific 
in training load. For this research, internal training load through sRPE measures have been 
chosen because we want to capture overall accumulative work put out by the athlete. sRPE will 
then be multiplied by the duration of session which will in turn add an external load measure 
encompassing both internal and external load into one measure. 
Internal Training Load and sRPE 
 As before mentioned, internal training load (ITL) is the response of the external loads 
placed upon them (Halson 2014). ITL can be either subjective or objective (Foster et al. 2001). 
Objective measures would be measures that are not self-reported such as heart rate and blood 
lactate. Subjective ITL measures are self-reported such as RPE or well-being questionnaires 
(Saw, Main, and Gastin 2016).  In past research, session ratings of perceived exertion (sRPE) has 
been the most popular measure used in the research. Session RPE is how the participant would 
rate difficulty of the entire session on a scale from 01-10, 1 being the easiest and 10 being the 
hardest (Foster et al. 2001). The strongest evidence for a relationship between injury and training 
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load is for internal training load assessed using sRPE (Foster et al. 2001). Foster et al found that 
RPE measures are better than objective measures when measuring workload over a longer period 
of time (Foster et al. 2001). Foster et al took sRPE one step further by then multiplying the 
number athletes gave for the whole session by the session duration (Foster et al. 2001). When 
comparing this method with the objective HR measure, it was found that sRPE may be more 
useful over a wide variety of exercise sessions. sRPE is a great device to measure training load, 
because it is easy to use, cost effective and consistent with objective physiological markers of 
training load (T. G. Eckard et al. 2018; Saw, Main, and Gastin 2016; Foster et al. 2001). For 
these reasons, we have chosen to use sRPE multiplied by session duration to measure training 
load in this study.  
Absolute and Relative Workload 
 Training load can be internal and external, but it can also be relative or absolute (Soligard 
et al. 2016). Absolute load is an athlete’s internal or external training load not considering any 
training rate or chronic load. Absolute is solely training load (Brink et al. 2010; Soligard et al. 
2016; Drew and Finch 2016). Relative training load identifies the rate of load application. This 
method helps identify rapid increases in training by comparing their acute load to their chronic 
load(Soligard et al. 2016). The best example of relative training load is acute: chronic workload 
ratio. This can exemplify week to week changes in load that might place an athlete at higher risk 
of injury (T. J. Gabbett 2016; Soligard et al. 2016). When an athlete’s acute load from a week 
exceeds their chronic load averaged over 4 weeks, an athlete is at an increased risk of injury 
(Malone et al. 2017b; Hulin et al. 2016; T. J. Gabbett 2016). There is limited research on the 
effects and relationship between absolute cumulative load and injuries in athletes. One study 
done by Brink et al used cumulative sRPE scores multiplied by the duration of the session over 
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the course of two competitive seasons discovered that high cumulative training loads were a risk 
factor for injury in elite soccer players (Brink et al. 2010). This is one of the very few studies that 
looked at cumulative training load in relation to injury in soccer. For our study, we want to 
further investigate the effect of built up load over time on injury without using any type of rate.  
Training Load and Injury 
 The majority of the evidence suggests the presence of a relationship between training 
load and injury (Drew and Finch 2016). Through the existing research on training load, we know 
that during periods of intensified activity, there is an increased likelihood for injury. (Jones, 
2016; Windt, 2016). Athletes can be more prone to injury up to 1 month after the spike in their 
activity (Drew, Finch, & Cook, 2016).  Other research has reported that either an extreme 
increase or decrease of training load compared to the normal has been related to a higher risk of 
injury (Windt, 2016).  
 Training load is still important in maintaining the strength and fitness of an athlete. This 
is why Windt et al stresses the importance of having a gradual introduction into the season at 
which higher loads can be introduced over time, thus decreasing injury risk (Windt et al. 2017). 
If this is true, athletes still need to be conditioned and challenged during rehabilitation and 
slowly brought back into practice to decrease the risk of re-injury (Drew, Cook, and Finch 2016). 
A study done by Malone et al looked at professional soccer players showed that an increased 
aerobic capacity was indicative of less injuries in a season(Malone et al. 2017a). This showed 
that athletes who have greater fitness overall, are better able to stand a higher acute: chronic 
workload. This study also showed a direct relationship with internal training load and injury.  
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Neuromuscular Predictors of Injury 
 There are multiple methods used in the research to identify athletes that are more at risk 
for musculoskeletal injuries. Clinicians have used these predictors to mitigate the amount of 
injuries that occur in a season (Padua et al. 2009; Graci and Salsich 2015; Barker-Davies et al. 
2018; Human Kinetics (Organization) 2006).  Some of these methods include single leg and 
double leg squat tests, assessments of jump landing movement quality, countermovement jump 
performance, and range of motion measures. These factors are usually something that can be 
measured in a pre-participation screening in order to determine what athletes might be at risk for 
injury before full participation in activity (Drew and Finch 2016; Whittaker et al. 2017).  
Movement Quality 
A proven factor that has been shown to have an effect on injury is movement quality 
(Mills et al. 2015; Whittaker et al. 2017; Fong et al. 2011). By analyzing an athlete’s movements 
by using movement screening tests, a clinician can identify athletes who might be at higher risk 
of injury due to their poor movement quality (Whittaker et al. 2017). Movement screenings can 
be as simple as a single movement or a combination of multiple tasks (Whittaker et al. 2017). 
Movement screenings for the lower extremity involve looking at a patient’s hip flexion, knee 
flexion, ankle DF or a combination of these (Fong et al. 2011). Tests used for movement 
screening include FMS, Y balance Double Leg (DL) and Single Leg (SL) Squat and Landing 
Error Scoring System (LESS) testing (Whittaker et al. 2017.; Ugalde et al. 2015).  For our study, 
we are going to be utilizing the LESS test and SL and DL squat tests. These test were chosen 
because past research has already shown these to be reliable and valid tests (Donohue et al. 2015; 
Deforest, Cantrell, and Schilling 2014; Barker-Davies et al. 2018; Ageberg et al. 2010). These 
 14 
are also tests that can be easily replicated and are already used by this team so the players and 
clinical staff are familiar with what is required for each one.  
Landing Error Scoring System (LESS) 
 Lower extremity movement quality is pivotal in helping an athlete avoid injury and play 
to the best of their ability (Whittaker et al. 2017). In competition, the most common site severe 
injury is the knee resulting in about 33.3% of injuries. The LESS has been proven to be a good 
predictor of ACL injuries(Padua et al. 2009, 2011). The LESS test is an excellent tool to help 
assess movement quality by looking at the way the athlete lands when jumping off of a box onto 
a force plate and then jumps again (Padua et al. 2009). This test not only analyzes how the 
athlete is landing but the force plate also allows the clinician to analyze the amount of force the 
athlete is landing with (Padua et al. 2009). This clues clinicians into identifying how well the 
athlete can absorb the force of a landing with their body.  Better absorption of the body in 
landing requires dorsiflexion and deep knee flexion (Padua et al. 2009, 2011; Fong et al. 2011). 
Greater passive ankle DF has been shown to help deepen knee flexion and prevent a greater 
valgus force that could potentially result in ACL tears (Fong et al. 2011). Knee flexion combined 
with hip flexion and ankle DF decreases the ground reaction forces when landing. This 
reinforces the importance of flexibility and range of motion to prevent injury. 
Single Leg Squat (SLS)  
 Lower extremity kinematic evaluations should not be underestimated when evaluating an 
athlete for their risk of injury. Faulty movement patterns are a tell-tale sign for injuries such as 
patellofemoral pain and ACL tears (Padua et al. 2009; Graci and Salsich 2015; Barker-Davies et 
al. 2018). Assessing an athlete’s SLS is a common tactic used by clinicians and coaches to test 
an athlete’s lower extremity function (Barker-Davies et al. 2018; Graci and Salsich 2015; 
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Poulsen and James 2011). The SL squat is favored because of its similarities to functional 
activities such as running and jumping (Barker-Davies et al. 2018). "The similarities between a 
landing and a squat, which both involve descending and ascending phases, may be the rationale 
why squats have been commonly used (when doing lower extremity movement screenings)", 
Donahue et al states (Donohue et al. 2015).  In the SLS assessment, the rater assesses the athlete 
from an anterior view looking at the athlete’s hip, ankle, knee and trunk motion looking for 
abnormal movements that would pre-dispose an athlete to injury risk. Past research has shown 
this assessment’s effectiveness on evaluating an athlete’s risk of injury due to their ability to 
control their knees and hips, in order to prevent knee valgus (Donohue et al. 2015; Ageberg et al. 
2010; Poulsen and James 2011; Barker-Davies et al. 2018).  
Double Leg Squat  
The DLS is another common tool used by clinicians to assess an athlete’s lower extremity 
movement patterns to help predict and prevent injury. Butler, Garrett, Dai, and Queen (2012 ) 
observed a significant correlation for peak hip flexion between a double-leg landing and a 
double-leg squat in individuals following ACL injuries (Donohue et al. 2015). Although there 
are similarities between DLS and SLS, there are still differences between the results in the two 
tests and what they look for specifically. According to Donahue et al, hip adduction and knee 
external rotation angles were both greater in the DLS when compared to the SLS (Donohue et al. 
2015). Also, while SLS analyzes control of the lower extremity, the DLS can help identify how 
the body compensates for restricted motions at certain joints up the chain. In a DLS limited 
dorsiflexion is pretty easily noticed and has been shown time and time again in the research that 
decreased weight bearing dorsiflexion can lead to PFPS (Graci and Salsich 2015; Powers n.d.).  
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Range of  Motion 
 Further research that reinforces the importance of ROM in preventing injury is a study 
done by Mills et al on hip flexor tightness in female soccer players. They found that with 
increased hip flexor tightness, the hamstrings had to contract more eccentrically putting more of 
a stress on the hamstrings and increasing the risk of hamstring strains in athletes with 
significantly tighter hip flexors (Mills et al. 2015). The hip flexion range of motion was 
measured by looking at hip extension range of motion with the participant lying supine with hips 
at the end of the table the opposite leg pulled to their chest and the leg of the side being measured 
is extended out and completely relaxed. The inclinometer was then used to measure hip 
extension in that position. Along with hip flexor tightness, there is increased interest in 
connection between restricted hip internal and external rotation and ACL tears in which they 
discovered that restricted hip range of motion increased an athlete’s risk of ACL injury 
(VandenBerg et al. 2017; Tainaka et al. 2014; Gomes, de Castro, and Becker 2008). Limited 
ankle DF range of motion has also been shown to increase risk of ACL tears (Wahlstedt and 
Rasmussen-Barr 2014; Fong et al. 2011). The two ranges of motion we will be analyzing in this 
study will be hip rotational arc and ankle DF. Hip rotational arc is the full rotational motion of 
the hip including both internal and external rotation. Hip rotational arc is the sum of hip internal 
rotation and external rotation. These two measures were chosen because they are the most 
commonly researched variables when looking at injury risk and have established validity using 
intra-class correlation coefficient (Roach et al. 2013).  
Fatigue and Lower Extremity Power 
 Fatigue is a facet that can be monitored through training load to help understand how to 
properly adapt training sessions (Halson 2014). In past literature, fatigue and training load have 
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been used interchangeably, when these two terms are in fact two separate entities (Jones, 
Griffiths, and Mellalieu 2017).  Fatigue can be defined as an inability to maintain the required 
expected force, such as not being able to complete tasks that were once achievable within the 
same time frame (Halson 2014; Jones, Griffiths, and Mellalieu 2017). Research has shown that 
training status of athletes and environmental conditions can influence fatigue (Halson 2014). In 
the literature there is not a substantial amount of evidence that fatigue causes injury. Most of the 
information from fatigue leading to injury is expert opinion (McCall et al. 2015). Jones et al 
describes fatigue as a factor that can accumulate over time, and with this accumulation comes an 
increased risk of injury (Jones, Griffiths, and Mellalieu 2017). 
 As before mentioned, fatigue is a measure of a person’s inability to maintain a required 
expected force (Halson 2014; Jones, Griffiths, and Mellalieu 2017). A tool that has been used in 
the research and clinically to measure this power and force, or lack thereof, is the 
Countermovement Jump (CMJ). A study done by Balsobre-Fernandez was able to directly 
connect CMJ with fatigue as well as lower body power (Balsalobre-Fernández, Tejero-González, 
and del Campo-Vecino 2014a). They analyzed CMJ and salivary cortisol levels every morning 
and after a race and found a significant positive correlation between the decrease in CMJ 
measures and the post-competition increase in salivary free cortisol levels (Balsalobre-
Fernández, Tejero-González, and del Campo-Vecino 2014b).The distances of these races varied, 
the participants were high level middle and long distance runners.  The CMJ measures the lower 
extremity power of an athlete by having an athlete stand on a force plate and jump as high as 
they can. The athlete’s jump height is measured as well as their peak velocity and peak torque 
(Claudino et al. 2017). In the Balsalobre-Fernandez et al study on middle to long distance 
runners, the CMJ peak torque was better for the runners the week before their best race when 
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compared to their CMJ peak torque the week before their worst race (Balsalobre-Fernández, 
Tejero-González, and del Campo-Vecino 2014b). This study was able to show a relationship 
between athletic performance and CMJ that hasn’t been presented before. A meta-analysis done 
by Claudino et al confirmed the CMJ test’s ability to measure fatigue, especially when taking the 
average jump height from the CMJ (Claudino et al. 2017). Using repeated measures helps 
increase sensitivity of the test (Claudino et al. 2017). CMJ test can be used to identify fatigue and 
decreases in lower body power that may indicate athletes that are at higher risk of injury.  
Future Research 
Limitations 
 There is still so much we do not know about training load and its specific effects on 
injury.  We understand that training load has an effect and is a good preventative measure against 
injuries, but we still do not know what training load affects specifically and how strong that 
influence is. Jones et al states a need for further exploration of the relationships between training 
load and fatigue variables and injury/illness while also using a wider range of measures for 
fatigue, injury and load (Jones, Griffiths, and Mellalieu 2017).   
In past research, It is has been identified that the use of both acute and chronic workload 
comparison is necessary in order to have a better understanding of the true injury risk of an 
athlete (Bourdon et al. 2017; Hulin et al. 2016). It is known that a relative spike in the acute 
workload compared to the chronic workload leads to an increased risk of injury in that 
individual, but what aspect of the neuromuscular predictors does this spike in load affect the 
most (Hulin et al. 2016). When comparing the neuromuscular factors that can indicate future 
such as muscular screenings, range of motion and fatigue/soreness levels, which shows the 
greatest decline with a spike in the acute workload?  
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Future Research Needs 
Whittaker et al called for future research to find the most relevant movement quality 
outcomes for predicting injury risk. This should be followed by developing better pre-
participation screening exams and LE prevention programs that can help mitigate the risks of 
injury due to higher training load (Whittaker et al., 2016). Future investigations are needed to 
examine strategies to mitigate injury risk during the preseason period so that player availability is 
maximized during this period (Windt et al. 2017). Further research is needed to identify exactly 
how training load affects injury so that we as clinicians can not only predict injury, but also help 
prevent it.  
Research Question 
What is the association between external training load sRPE measures and range of 
motion, jump landing movement quality, SL and DLS movement quality along with lower 
extremity power in injury in a women’s soccer team? To help answer the limitations in past 
research and fulfill the needs of future research, this research study will be focusing on assessing 
range of motion, LESS testing, movement efficiency and fatigue and its association with 
cumulative training load throughout a women’s soccer season. Cumulative training load 
measures will be taken throughout the season and the neuromuscular factors will be tested before 
pre-season and at mid-season to identify changes and compare with cumulative training load.  
The training load metric that will be used for this study will be sRPE measures that will 
be self-reported by the athletes daily. The workload will be recorded from pre-season to mid-
season and will added up from day to create absolute cumulative training load. The changes in 
distance at high speed running will be recorded. This total load will be compared to the changes 
in ROM, Movement Quality and Lower Extremity power from pre-season to peak season (mid-
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season). The peak of the season has been established by the game schedule and where most time 
loss injuries occurred during the past few seasons. This peak season occurs between 8-9 weeks 
after the beginning of the season. If one factor is noticeably altered due to training load, this is an 
area that clinicians can look at addressing in pre-season screenings and LE prevention programs. 
This research will attempt to answer the following questions:  
1) Is there an association between predisposing factors of injury (ROM, jump landing 
movement quality, Squat MQ and CMJ) and cumulative training load in D1 Women’s soccer 
athletes?  
2) How does training and competition affect a Division I Women’s Soccer Player’s 
movement quality such as Squat MQ, jump landing and CMJ jump and range of motion (Hip 
IR/ER, ankle DF), from pre-season to mid-season? 
Importance of Research 
 Injury prevention is a pivotal aspect of sports medicine.  Injuries that are training load 
related are often termed as preventable (T. J. Gabbett 2016). When injuries can be prevented, it 
our job as clinicians to do all we can do prevent them. Training load is a useful tool that can be 
used to help predict sports injury and then modified to prevent the occurrence of the actual injury 
(Drew, Cook, and Finch 2016). Through this further research, clinicians will have a better idea 
how to control neuromuscular factors that cause injury when training load increases. By having 
this knowledge, we can incorporate these certain factors into pre-participation screenings and 
prevention programs to help identify athletes who might be at more risk as well as give them 
programs that will help prevent future injury.  
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CHAPTER III: MATERIALS AND METHODS 
Experimental Design 
This study is a prospective cohort study designed to examine whether range of motion 
(ROM) (ankle DF, hip rotational arc), movement quality (jump landing, double leg squat, single 
leg squat) and lower extremity power (countermovement jump) measures are altered between 
pre-season and mid-season in female Division-1 soccer athletes. In addition, the association 
between changes in ROM, movement quality, and lower extremity power with training load 
measures will be examined (Figure 1).  
 In this study, the participants completed testing of all the above neuromuscular variables 
in pre-season before any training and then after 9 weeks into the season. We selected the 9 week 
time point based on the past 5 years of medical reports for this team. Specifically we were 
looking for a timepoint where there was a spike in the occurrence of injuries over the years. 
When looking at these past injury records from the past 5 years, we found that a large amount of 
injuries were accrued after week 9. We hypothesized that these injuries might be due to an 
increase in training load that accumulated over pre-season and having multiple games within a 
week.  
During this 9 week  training period, the athlete reported their sRPE scores daily and then 
session duration was multiplied by each sRPE number to get daily training load (Foster et al. 
2001). These numbers were added to each other cumulatively. These measures were recorded for 
every day the participants practice and have competitions. On days they did not participate or 
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there was no team practice, the players received a zero. The following diagram (Figure 1) 
provides a visual of when each variable is recorded.  
 




 Participants  for this study were women’s soccer players. They were all college aged 
females that were all a part of National Collegiate Athletic Association (NCAA) Division I 
Women’s soccer team. All participants provided written informed consent in accordance with 
The University of North Carolina at Chapel Institutional review board policies and procedures. 
Athletes were included if they were on the varsity team and were cleared for full participation 
before preseason began. Athletes were excluded if they were not medically cleared to complete 
screening process during pre-season.   
Instrumentation 
 Session ratings of perceived exertion (sRPE) were recorded manually 15-30 minutes after 
every training and competition session. The participants  self-reported how hard practice or 
competition was on a scale from 1-10 (Foster et al. 2001). A score of 0 is given on a day of rest. 














































 Jump landing movement quality was measured by the Physimax and assessed using the 
LESS. For the Physimax, materials needed are a Microsoft Kinect depth camera (frontal-plane 
view only; Kinect sensor, version 1; Microsoft Corp, Redmond, WA) that is connected to a 
computer running Physimax motion analysis software (Physimax, Tel Aviv, Israel). This method 
also requires a 30cm box for the participants to jump from (Padua et al. 2009). The jump landing 
was filtered at 30 Hz. This technology is a valid and reliable tool used often in research to 
analyze an athlete’s landing patterns to identify poor movement patterns such as dynamic knee 
valgus that predispose athletes to injury (Mauntel et al. 2017). 
 The force plate was used to measure lower extremity power output during a 
countermovement jump. The force plate was specifically utilized to measure the power output of 
the participants as they take off for a max vertical jump to test lower extremity power. This is a 
valid method for analyzing a patient’s lower extremity power (Cormack et al. 2008) (Bertec 
Corportation, Columbus, Ohio). 
 A universal goniometer was used to measure range of motion for ankle DF while the 
measurement of hip rotational arc will be measured using an inclinometer.  A 6-inch goniometer 
with 1° increments was used to measure ankle DF. A universal goniometer was used to measure 
ankle DF range of motion because it is the most common tool used by clinicians to measure 
range of motion in dorsiflexion of the ankle. In a study done by Konor et al, the researcher 
discovered that when measuring ankle DF, using a universal goniometer was just as reliable as 
using an inclinometer (Konor et al. 2012). The use of the inclinometer at the hip was used to 
match the method most commonly used by clinicians due to the ease of use. Previous research on 
hip rotation and its relationship to injury have used both the inclinometer and universal 
goniometer to measure hip rotation range of motion, but neither one has consistently been shown 
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in the research to be better than the other. A study done by Roach et al, investigated the 
concurrent validity of the inclinometer versus the goniometer in hip range of motion. This study 
indicated that both were valid, but should not be used interchangeably (Roach et al. 2013).  
Testing Procedures 
Pre-season 
 A day prior to the beginning of pre-season training, all participants had pre-season 
measures taken. This included recording height and weight, a general health survey and then pre-
season measures of jump landing, double and single leg squat, CMJ and range of motion. 
Jump Landing as Scored by the LESS 
 The jump landing test utilized the Physimax system to analyze the participants jump 
quality. The participants were required to complete this trial in shorts with their shirts tucked in 
and hair pulled back in a bun or ponytail to prevent any extra movement being picked up by the 
camera. A Microsoft Kinect camera that had a depth frontal view (Kinect sensor, version 1; 
Microsoft Corp, Redmond, WA) captured the motion and the Physimax software on the 
computer that was connected to the camera analyzed the movement. The participants were 
required to jump from a 30cm high box and land on a spot that is half the height of the athlete 
(Padua et al. 2009). They were instructed to rebound and jump as high as they can in the air the 
land in the same spot they took off. The participants were directed to ensure that they jumped as 
high as possible after jumping off the box and landing. Participants were not given any feedback 
on landing technique unless they were not actually performing the task properly. They were 
given as many practice sessions necessary to be able to perform the task properly. A successful 
jump was characterized by (1) “jumping off of both feet from the box; (2) jumping forward, but 
not vertically”, to reach the marked spot on the floor below (3) landing both feet within the 
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marked spot on the ground; and (4) “completing the task in a fluid motion” (Padua et al. 2009). 
“This movement was captured by a single camera that had a depth frontal view only.  (Kinect 
sensor, version 1; Microsoft Corp, Redmond, WA). This camera was controlled by a standard 
laptop computer. Athletic Movement Assessment software (PhysiMax Technologies Ltd, Tel 
Aviv, Israel) was used to evaluate the depth-camera data and score the LESS” (Mauntel et al. 
2017). Participants completed three successful trials of the jump landing tasks. These jumps were 
processed and then scored according to the LESS test. At the end of every trial, the rater judged 
the overall jump stating whether they thought it was excellent, average or poor. The Physimax 
rated each participant on the 16 items shown in Figure 2. Along with the overall impression 
scoring from the rater, there was a total of 17 items that are scored on the LESS. A higher score 
on the LESS indicates a higher risk movement pattern (Mauntel et al. 2017; Padua et al. 2009). 
The items that were scored as ‘present’ on 2 or more of the trials were scored as ‘present’ overall 
and those items that were scored as present on 0 or 1 trail were scored as ‘absent’ overall. These 
overall scores were then added together for the final score. The intraclass correlation coefficient 
(ICC[2,1]) was 0.91 with a standard error of measure (SEM) of 0.42 (Mauntel et al. 2017). 
Figure 2: LESS  
LESS scoring  Explanation of Error Scoring 
Knee flexion: IC Knee is flexed  >30° at  initial contact. 0= Absent 1= Present 
Hip flexion: IC Trunk is in line with the thigh at initial contact. 
0= Absent 
1= Present 
Trunk Flexion: IC Trunk is vertical or extended on the hips at initial contact. 
0= Absent 
1= Present 
Ankle Plantarflexion: IC Foot lands heel to toe or with a flat foot at initial contact. 
0= Absent 
1= Present 
Medial knee position: IC Center of the patella is medial to the midfoot at initial contact. 
0= Absent 
1= Present 




Stance width: wide 
Feet are wider than shoulder width apart 




Stance width: narrow Feet are more narrow than shoulder width (acromion process) at initial contact. 
0= Absent 
1= Present 
Foot position: external 
rotation 
Foot is externally rotated >30° from initial 
contact to max knee flexion. 
0= Absent 
1= Present 
Foot position: internal 
rotation 
Foot is internally rotated <30° from initial 
contact to max knee flexion. 
0= Absent 
1= Present 
Symmetric initial foot 
contact: IC 
One foot lands before the other or one foot 




Knee-flexion displacement Knee flexes <45° between initial contact and max knee flexion. 
0= Absent 
1= Present 
Trunk-flexion displacement The trunk does no flex more between initial contact and max knee flexion. 
0= Absent 
1= Present 




Soft: Participant has a large amount of trunk, 
hip and knee displacement. 
Average: Participant has some but not a large 
amount of trunk, hip and knee displacement.  
Stiff: Participant goes through very little, if 






2= Stiff  
Overall Impression  
Excellent: Participants displays a soft landing 
with no frontal or transverse plane motion. 
Average: all other motions 
Poor: Participant displays a large frontal or 
transverse plane motion, or the participant 
displays a stiff landing with some frontal or 





*IC: initial contact 
Double Leg Squat 
 For squat movement quality of a DLS, the raters assessed the participant from a frontal 
view and a sagittal view that is recorded by the Physimax software. The participant  had their 
shoes off, they were asked to their have arms overhead in line with the rest of their body. They 
were instructed to have their feet facing forward and shoulder width apart and head facing 
straight forward. They were asked to squat down as if they were sitting back in a chair (Eckard et 
al. 2018). If the participant did not reach at least 60 degrees of knee flexion, they were asked to 
 27 
go deeper in the following repetitions if possible. The participant completed 3 repetitions. The 
Microsoft X-Box Kinect camera captured these squats from a frontal view and they were saved 
on the Physimax software to be accessed and scored at later time. The rater used the Physimax 
software to score the athlete’s squats. The rater scored the athlete on movements such as knees 
valgus or excessive forward lean. The intra-rater ICC  (2,1) scores for DLS have been recorded as 
0.52 and the SEM has been recorded as 2.6 (T. Eckard et al. 2018). The movement impairment 
had to be present in 2 of 3 of the repetitions for it to be counted. If impairment was present, the 
participant  received a one in that category.  If it is not present, they received a 0. The higher the 
score the athlete received, the worse the quality of the squat was (Figure 3)(Eckard et al. 2018).  
 
Figure 3: Double Leg Squat Scoring 
Movement 
Compensation Error Explained 
Scoring 
Right Left 
Foot Turns Out Any lateral deviation from the starting position  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Knee Moves in 
(Valgus) 
Mid-patella (knee cap) moves medial 
(inside) of the 1st toe (big toe)  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Knee Moves Out 
(Varus) 
Mid-patella moves lateral (outside) of the 
5th toes (pinky toe)  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Excessive Forward 
Lean 
Inability to maintain trunk parallel to the 
tibia (lower leg)  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Arms Fall Forward Inability to maintain a straight line as an extension of the trunk  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Asymmetrical 
Weight Shift 
Any side to side deviation of the hips. 
Note the side the individual shifts towards 
(the subject’s right or left side)  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
 
 Before scoring the official squat scores, the rater completed reliability testing in which 
they scored select participants’ squat performance at different three time points spaced out by at 
least 2 weeks to look at their reliability. Intra-rater reliability was established by calculating the 
percent agreement between the scoring of the same participants between the last two time points. 
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The rater had 87% reliability on double leg squat scoring before they began scoring the athlete’s 
squat scores.  
Single Leg Squat 
 For the SLS, participants were required to complete the test on each leg. They stood on 
one leg, hands on their hips and eyes facing straight ahead with the non-support leg bent to 90 
degrees and the hip bent to 45 degrees. The athlete was instructed to squat as deep as they 
possibly can comfortably and then return to the original starting position before starting the next 
repetition. They were allowed a practice set if they chose. No other instructions were provided to 
the participants other than what constituted a successful repetition. Athletes performed 1 set of 3 
consecutive repetitions. This was recorded on an Microsoft  camera, storing it on the Physimax 
software and scored at a later time where the researcher could use this footage to analyze squat 
movement with both an anterior and sagittal view. Movement quality was visually assessed by a 
single rater who recorded movement impairments on a data collection sheet. Impairments 
observed on  in 2 of 3 repetitions from any view in which they could be seen were considered 
present and scored as a 1, with all others scored as 0. The SLS was assessed from anterior and 
lateral views. The intra-rater ICC  (2,1) scores for SLS have been recorded as 0.655 and the SEM 
has been recorded as 1.56 (T. Eckard et al. 2018). The SLS score ranges from 0 to 9 for each LE. 
Right and left scores were summed together to calculate a total SLS score for each participant. 
These scores were added with the DLS score for a total squat movement quality score (Figure 4).  
Figure 4: Single Leg Squat Scoring 
Movement 
Compensation Error Explained 
Scoring 
Right Left 
Foot Turns Out Any lateral deviation from the starting position  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Knee Moves In 
(Valgus) 
Mid-patella (knee cap) moves medial 
(inside) of the 1st toe (big toe)  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
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Knee Moves Out 
(Varus)  
Mid-patella (knee cap) moves medial 
(inside) of the 1st toe (big toe)  
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
Hip Shift 
The hip on one side in notably higher or 
lower than the other side, due to glute me 
weakness. 
0 = Absent.         
1 = Present 
0 = Absent.         




Inability to maintain torso parallel to 
tibia and/or any change from 
starting/neutral position (rotation or side 
bending) 
0 = Absent.         
1 = Present 
0 = Absent.         
1 = Present 
 
 Before scoring the official squat scores, the rater completed intra-rater reliability testing 
in which they scored 3 trials of 12 athletes’ squat performance at three different time points 
separated by 2 weeks  to look at their reliability. The last two time points were compared and 
reliability tested using percent agreement. The rater had 95% or higher intra-rater percent 
agreement reliability on single leg squat scoring before they began scoring the athlete’s squat 
scores.  
Countermovement Jump (CMJ) 
 For the CMJ, the participants were tested using a force plate. The athlete were instructed 
to jump as high as they can. They had to be stationary, no running start was allowed. (Owen et 
al. 2014; Moir 2008; McMahon et al. 2018). They were allowed as many as 3 practice trials for 
the participant to feel comfortable with the equipment and the task. The participant completed 
the task correctly 3 times and the results were averaged for their total power number. The jumps 
on the force plate were recorded using the Vicon software and the data was then transferred into 
excel files to be analyzed. The CMJ ICC has been recorded as 0.98 and the SEM has been 
recorded as 134.68 W (Jiménez-Reyes et al. 2017). 
Range of Motion (ROM) 
 For range of motion measurements, a universal goniometer was used to measure ankle 
DF and an inclinometer was used to measure hip rotational arc. Each range of motion was taken 
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twice and the scores were averaged together on each side for the final measure of range of 
motion.  
 When measuring ankle DF, the participant was  lying in prone with a foam roller placed 
underneath their tibia to prop their feet up.  The rater utilized the six- inch goniometer. They 
placed the axis on the base of the 5th metatarsal. The stationary was placed along the shaft of the 
fibula and the movement arm was parallel to the fifth metatarsal. The rater passively dorsiflexed 
the participant all the way to end range in which the rater  adjusted the movement arm to line up 
with the 5th metatarsal (Fong et al. 2011; Mauntel et al. 2013). This measure was repeated two 
times on each side and the average of these measures were recorded for each participant. The 
intra-rater ICC 1,3 has been recorded in Mauntel et al as 0.821 and the SEM was 2.5 degrees 
(Mauntel et al. 2013).  
 For hip IR/ER arc, an inclinometer was used. For the measurement of hip IR, participant 
was positioned prone on the table while the leg being measured was bent to 90 degrees and 
passively internally rotated the athlete, by moving the shank of the leg outward. The inclinometer 
was placed on the midline of the shaft of the tibia (Mauntel et al. 2013). For external rotation, the 
participant was still prone, and the shaft of the leg was passively moved inward towards the 
midline. The inclinometer was placed on the midline of the medial shaft of the tibia (Mauntel et 
al. 2013). Measurements were repeated two times for each leg and then the average was taken. 
The intra-rater ICC 1,3 has been recorded in Mauntel et al as 0.894 for hip external rotation 
(HER) and 0.644 for hip internal rotation (HIR). The SEM was recorded as 4.5 degrees for HER 
and 7.5 degrees for HIR (Mauntel et al. 2013). The measure for hip IR and ER were added 
together to get hip rotational arc measure. The athlete was measured twice on each side and the 
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average number was recorded. To attain total hip arc range of motion for each side, the 
participant’s internal and external range of motion were added together for total arc.  
Session Ratings of Perceived Exertion  
 The participant’s sRPE measures was recorded within 15- 30 minutes of the end of each 
training session or competition. The participants reported to the athletic trainer rating how hard 
practice was on a scale from 1-10 with one being very light and 10 being extremely severe. The 
participants were provided with a visual to help them rate the difficulty of practice (Figure 5) 
This number was then multiplied by the length of practice (in minutes) to include an external 
training load aspect. If it was a rest day or the participant did not participate any part of practice 
that day, this was recorded with a 0. If the athlete participated in any part of practice or 
completed conditioning or technical work on the side, their sRPE and duration of training was 
still recorded. The numbers were taken by the rater, so they could clarify with the participants on 
how they were feeling that day. This also prevented participants from being able to see the 
numbers of their teammates to prevent bias.  






 All measures in pre-season were re-tested in the same exact way over a 3-day period. 
These scores were recorded. The testing took place over the course of one day and occurred the 
weekend following a total of 9 weeks after the initial tests. 
Statistical Analysis 
 Our first aim was to compare the scores of jump landing movement quality (MQ), squat   
movement quality, ROM and LE power to identify whether there is a significant change from 
pre-season to mid-season. These data points were exported into SPSS and this software were 
used use an independent T-test to analyze whether there was a significant change in each 
variable from pre-season to mid-season. A significant change was defined as a p value of less 
than or equal to 0.05. A Paired Samples T-test was used for each variable (ROM, jump landing 
MQ, squat MQ and CMJ).  
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 Our second aim was to quantify the changes in any score that had a significant change 
from pre-season to mid-season. This change was found by subtracting the mid-season score from 
the pre-season score. This change score was used to identify associations between these changes 
in scores and training load. Specifically, we wanted to find the association between each test that 
had a significant difference (p £ 0.05) and cumulative sRPE training load. These associations 
were found by running a Pearson’s Correlation Coefficient for each pre to mid-season change 
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CHAPTER IV: MANUSCRIPT 
Introduction 
Soccer is one of the most commonly played sports in the world and with soccer, like any 
other sport, comes the risk of injury (Alentorn-Geli et al. 2009). Injuries are an unavoidable 
component that affects all sports at all levels causing time loss, pain, decreased player 
availability and performance (Carling et al. 2015). For female soccer players, anterior cruciate 
ligament (ACL) sprains are common, along with hamstring and groin strains (Ekstrand, 
Hägglund, and Waldén 2011; Roos et al. 2009).  ACL tears are one of the more common injuries 
that cause the most time loss in women’s soccer (Alentorn-Geli et al. 2009). Research has shown 
that successful teams have lower injury rates and higher player availability than unsuccessful 
teams in professional football  (Eirale et al. 2013; Hägglund et al. 2013). For these reasons, 
researchers and clinicians have a heightened interest in monitoring training load and its effect on 
injury risk.  
Training load can be defined as stress placed on the body by a performed activity (Jones, 
Griffiths, and Mellalieu 2017).  An Athlete’s training load can be observed through their internal 
training load, external training load or both. Internal training load are factors such as heart rate or 
ratings of perceived exertion (RPE) and refer to how the athlete responds to training and the 
external load placed upon them. External training load is the work that athlete puts out to 
overcome loads and stresses and would include factors such as an athlete’s speed, acceleration or 
the overall duration of a session  (Bourdon et al. 2017; Drew and Finch 2016; Drew, Cook, and 
Finch 2016; T. Gabbett 2017). The most common connections between training load and injury
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are witnessed in acute (prior 1-week) to chronic (prior 4-weeks combined) workload research as 
it is the most commonly used to monitor an athlete’s training load in sport (Hulin et al. 2016; 
Blanch and Gabbett 2016). Large increases in one’s acute training load relative to their chronic 
training load, has been linked to heightened risk of injury in multiple sports (Jones, Griffiths, and 
Mellalieu 2017; Bourdon et al. 2017; Hulin et al. 2016; T. J. Gabbett 2016). In addition, it is 
important to note that chronic and cumulative training load have also shown to be correlated with 
injury in many sports (Colby et al. 2014; Brink et al. 2010). While there is strong evidence to 
support the association between training load and injury risk, the underlying mechanism between 
training load and injury has not been investigated in length. 
Training load may influence injury risk by modifying key neuromuscular characteristics 
associated with an individual’s biomechanical profile. Adequate amounts of knee flexion, hip 
flexion and ankle dorsiflexion is required for proper landing biomechanics in order to decrease 
the risk of ACL tears (Fong et al. 2011; Whittaker et al. 2017; Dai et al. 2012).  Training load 
may play a role in an athlete’s range of motion throughout the season therefore increasing their 
risk for ACL tears. Movement quality assessments are designed to identify body asymmetries, 
assess mobility and stability within the kinetic chain of whole-body movements and detect poor-
quality movement patterns (Dorrel et al. 2018). Common movement screens for the lower 
extremity that have shown to be reliable in predicting injury are squat tests (double and single 
leg) (Deforest, Cantrell, and Schilling 2014; Donohue et al. 2015; Barker-Davies et al. 2018) and 
jump-landing tests, such as the Landing Error Scoring System (Padua et al. 2009). One test that 
the helps identify acute fatigue and lower extremity power is the countermovement jump (CMJ) 
test (Balsalobre-Fernández, Tejero-González, and del Campo-Vecino 2014a). This test assesses 
an athlete’s ability to produce a high amount of peak torque when pushing off the ground and 
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jumping into the air while also measuring jump height (Balsalobre-Fernández, Tejero-González, 
and del Campo-Vecino 2014a; Balsalobre-Ferná ndez, Tejero-Gonzá lez, and del Campo-Vecino 
2014). Potentially, as a predictor of fatigue the measurement of CMJ may help identify athletes 
at risk for injury through this facet.  
Previous research has demonstrated injury to be associated with one’s training load and 
neuromuscular (range of motion, movement quality) profiles. However, research has not 
examined how one’s training load and neuromuscular profiles may be related. Therefore the 
purpose of this study was to investigate how an athlete responds to load from pre-season to mid-
season when most injuries were observed. Another aspect and purpose of this study was to use 
sRPE measures to monitor cumulative training load of the soccer players over time and to 
determine if there is a correlation between the athletes’ movement quality, ROM and lower 
extremity power. The neuromuscular factors will include movement quality, lower body power 
and range of motion. If there is a strong association between changes in a predisposing factor and 
changes in training load,  researchers and clinicians can potentially use this information to 
address deficits in that specific predisposing factor in the athletes when there is a higher training 
load noted in an athlete to help mitigate the risk of injury. By having this knowledge, we can 
incorporate these neuromuscular factors into pre-participation screenings and prevention 
programs to help identify athletes who might be at more risk as well as give them corrective 
exercises or mobility programs that will help prevent future injury.  
Methods 
Experimental Design 
This study was a prospective cohort study with repeated measures design to examine 
whether range of motion (ROM) (ankle DF, hip rotation), movement quality (jump landing, 
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double leg squat, single leg squat) and lower extremity power (countermovement jump) 
measures are altered between pre-season and mid-season in female Division-1 soccer athletes. In 
addition, the association between changes in ROM, movement quality, and lower extremity 
power with training load measures will be examined (Figure 1).  
 In this study, the participants completed testing of all the above neuromuscular variables 
in pre-season before any training and then after 9 weeks into the season. We selected the 9 week 
time point based on the past 5 years of medical reports for this team. Specifically we were 
looking for a timepoint where there was a spike in the occurrence of injuries over the years. 
When looking at these past injury records from the past 5 years, we found that a large amount of 
injuries were accrued after week 9. We hypothesized that these injuries might be due to an 
increase in training load that accumulated over pre-season and having multiple games within a 
week.  
During this 9 week  training period, the athlete reported their sRPE scores daily and then 
session duration was multiplied by each sRPE number to get daily training load (Foster et al. 
2001). These numbers were added to each other cumulatively. These measures were recorded for 
every day the participants practice and have competitions. On days they did not participate or 
there was no team practice, the players received a zero. Figure 1 provides a visual of when each 
variable is recorded.  
Participants 
Participants for this study were women’s soccer players. They were all college aged 
females that were all a part of National Collegiate Athletic Association (NCAA) Division I 
Women’s soccer team. All participants provided written informed consent in accordance with 
The University of North Carolina at Chapel Institutional review board policies and procedures. 
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Participants were included if they were on the varsity team and were cleared for full participation 
before preseason began. Participants were excluded if they were not medically cleared to 
complete screening process during pre-season.   
Instrumentation 
Session ratings of perceived exertion were recorded manually 15-30 minutes after every 
training and competition session. The athletes self-reported how hard practice or competition 
was on a scale from 1-10 (Foster et al. 2001). A score of 0 was given on a day of rest. The scores 
were recorded manually daily, and then transferred onto an excel sheet.  
 Jump landing movement quality was measured by the Physimax and assessed using the 
LESS. For the Physimax, materials needed were a Microsoft Kinect depth camera (frontal-plane 
view only; Kinect sensor, version 1; Microsoft Corp, Redmond, WA) that was connected to a 
computer running Physimax motion analysis software (Physimax, Tel Aviv, Israel). This method 
also required a 30cm box for the athletes to jump from (Padua et al. 2009). The jump landing 
was filtered at 30 Hz. This technology is a valid and reliable tool used often in research to 
analyze an athlete’s landing patterns to identify poor movement patterns such as dynamic knee 
valgus that predispose athletes to injury (Mauntel et al. 2017). 
 The force plate was used to measure lower extremity power output during a 
countermovement jump. The force plate was specifically utilized to measure the power output of 
the participants as they take off for a max vertical jump to test lower extremity power. This is a 
valid method for analyzing a participant’s lower extremity power (Cormack et al. 2008) (Bertec 
Corportation, Columbus, Ohio). 
 A universal goniometer was used to measure range of motion for ankle DF while the 
measurement of hip rotational arc will be measured using an inclinometer.  A 6-inch goniometer 
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with 1° increments was used to measure ankle DF. A universal goniometer was used to measure 
ankle DF range of motion because it is the most common tool used by clinicians to measure 
range of motion in dorsiflexion of the ankle. In a study done by Konor et al, the researcher 
discovered that when measuring ankle DF, using a universal goniometer was just as reliable as 
using an inclinometer (Konor et al. 2012). The use of the inclinometer at the hip was used to 
match the method most commonly used by clinicians due to the ease of use. Previous research on 
hip rotation and its relationship to injury have used both the inclinometer and universal 
goniometer to measure hip rotation range of motion, but neither one has consistently been shown 
in the research to be better than the other. A study done by Roach et al, investigated the 
concurrent validity of the inclinometer versus the goniometer in hip range of motion. This study 
indicated that both were valid, but should not be used interchangeably (Roach et al. 2013).  
Testing Procedures 
Pre-season 
 Prior to the beginning of pre-season training, all participants had pre-season measures 
taken. This included recording height and weight, a general health survey and then pre-season 
measures of jump landing, double and single leg squat, CMJ and range of motion. 
Jump Landing as Scored by the LESS 
 The jump landing test utilized the Physimax system to analyze the participants jump 
quality. The participants were required to complete this trial in shorts with their shirts tucked in 
and hair pulle back in a bun or ponytail to prevent any extra movement being picked up by the 
camera. A Microsoft camera that has a depth frontal view (Kinect sensor, version 1; Microsoft 
Corp, Redmond, WA) captured the motion and the Physimax software on the computer that was 
connected to the camera analyzed the movement (Mauntel et al. 2017). The LESS was conducted 
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per the protocol of Padua et al (Padua et al. 2009). Participants completed three successful trials 
of the jump landing tasks. These jumps were processed and then scored according to the LESS 
test. At the end of every trial, the rater judged the overall jump stating whether they thought it 
was excellent, average or poor. The Physimax will then rate each participant on the 16 items 
shown in Figure 2. Along with the overall impression scoring from the rater , there was a total of 
17 items that are scored on the LESS. A higher score on the LESS indicates a higher risk 
movement pattern (Mauntel et al. 2017; Padua et al. 2009). The items that were scored as 
‘present’ on 2 or more of the trials were scored as ‘present’ overall and those items that were 
scored as present on 0 or 1 trail were scored as ‘absent’ overall. These overall scores were then 
added together for the final score.   
Double Leg Squat 
 For squat movement quality of a DLS, the rater assessed the participant from a frontal 
view and a sagittal view that is created by the Physimax software. The DLS was conducted per 
the protocol from Eckard et al, except the only views available were frontal and sagittal and only 
3 repetitions were required for this study (T. Eckard et al. 2018). The Microsoft camera captured 
these squats from a frontal view and they were saved on the Physimax software to be accessed 
and scored at later time. The rater used the Physimax software to score the athlete’s squats. The 
rater scored the athlete on movements such as knees valgus or excessive forward lean.  The 
movement impairment had to be present in 2/3 of the repetitions for it to be counted. If 
impairment was observed, the participant received a one in that category.  If it was not present, 
they received a 0. The higher the score the athlete received, the worse the quality of the squat 
was (Figure 3)(T. Eckard et al. 2018).  
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 Before scoring the official squat scores, the rater completed reliability testing in which 
they scored select athletes’ squat performance at three different time  points spaced out by 2 
weeks to look at their reliability. Intra-rater reliability was established by calculating the percent 
agreement between the scoring of the same subjects between the last two time points. The rater 
had 87% reliability on double leg squat scoring before they began scoring the athlete’s squat 
scores.  
Single Leg Squat 
 For the SLS, participants were required to complete the test on each leg. This SLS was 
conducted per the protocol noted in Eckard et al except that the squat was scored from only the 
frontal and sagittal view and only three repetitions were performed (T. Eckard et al. 2018). 
Athletes performed 1 set of 3 consecutive repetitions. This was recorded on a Microsoft Kinect 
camera, storing it on the Physimax software and scored at a later time where the researcher could 
use this footage to analyze squat movement with both an anterior and sagittal view. Movement 
quality was visually assessed by a single rater who recorded movement impairments on a data 
collection sheet. Impairments observed on most repetitions from any view in which they could 
be seen were considered present and scored as a 1, with all others scored as 0 (T. Eckard et al. 
2018). The SLS score ranges from 0 to 9 for each LE. Right and left scores were summed 
together to calculate a total SLS score for each participant. These scores were added with the 
DLS score for a total squat movement quality score (Figure 4).  
 Before scoring the official squat scores, the rater completed intra-rater reliability testing 
in which they scored 3 trials of 12 athletes’ squat performance at different three time points 
spaced out by 2 weeks to look at their reliability. The last two time points were compared and 
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reliability tested using intra-rater percent agreement. The rater had 95% or higher  reliability on 
single leg squat scoring before they began scoring the athlete’s squat scores.  
Countermovement Jump (CMJ) 
 For the CMJ, the participants were tested using a force plate. The athlete were instructed 
to jump as high as they can. They had to be stationary, no running start was allowed. (Owen et 
al. 2014; Moir 2008; McMahon et al. 2018). They were allowed as many as 3 practice trials for 
the participant to feel comfortable with the equipment and the task. The participant completed 
the task correctly 3 times and the results were averaged for their total power number.  
Range of Motion (ROM) 
 For range of motion measurements, a universal goniometer was used to measure ankle 
DF and an inclinometer was used to measure hip rotational arc. Each range of motion was taken 
twice and the scores were averaged together on each side for the final measure of range of 
motion.  
 When measuring ankle DF, the participant will be in a lying in prone with a foam roller 
placed underneath their tibia to prop their feet up.  The rater utilized the six- inch goniometer. 
They placed the axis on the base of the 5th metatarsal. The stationary arm was placed along the 
shaft of the fibula and the movement arm was parallel to the fifth metatarsal. The rater passively 
dorsiflexed the participant all the way to end range in which the rater will adjust the movement 
arm to line up with the 5th metatarsal (Fong et al. 2011; Mauntel et al. 2013). This measure was 
repeated two times on each side and the average of these measures were recorded for each 
participant.  
 For hip IR/ER arc, an inclinometer was used. For the measurement of hip IR, participant 
was positioned prone on the table while the leg being measured was bent to 90 degrees and 
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passively internally rotated the athlete, by moving the shank of the leg outward. The inclinometer 
was placed on the midline of the shaft of the tibia (Mauntel et al. 2013). For external rotation, the 
participant was still prone, and the shaft of the leg was passively moved inward towards the 
midline. The inclinometer was placed on the midline of the medial shaft of the tibia (Mauntel et 
al. 2013). Measurements were repeated two times for each leg and then the average was taken. 
The measure for hip IR and ER were added together to get hip rotational arc measure. The 
participant was measured twice on each side and the average number was recorded. To attain 
total hip arc range of motion for each side, the participant’s internal and external range of motion 
were added together for total arc.  
sRPE 
 The participant’s sRPE measures was recorded within 15- 30 minutes of the end of each 
training session or competition. The participants reported to the athletic trainer rating how hard 
practice was on a scale from 1-10 with one being very light and 10 being extremely severe. The 
participants were provided with a visual to help them rate the difficulty of practice (Figure 5) 
This number was then multiplied by the length of practice (in minutes) to include an external 
training load aspect. If it was a rest day or the participant did not participate any part of practice 
that day, this was recorded with a 0. If the participant participated in any part of practice or 
completed conditioning or technical work on the side, their sRPE and duration of training was 
still recorded. The numbers were taken by the athletic trainer, so they could clarify with the 
participants on how they were feeling that day. This also prevented participants from being able 
to see the numbers of their teammates to prevent bias.   
 52 
Mid-season 
 All measures in pre-season were re-tested in the same exact way over a 3-day period. 
These scores were recorded. The testing took place over the course of one day and occurred the 
weekend following a total of 9 weeks after the initial tests. 
Statistical Analysis 
 Our first aim was to compare the scores of jump landing movement quality (MQ), squat   
movement quality, ROM and LE power to identify whether there is a significant change from 
pre-season to mid-season. These data points were exported into SPSS and this software were 
used use an independent T-test to analyze whether there was a significant change in each 
variable from pre-season to mid-season. A significant change was defined as a p value of less 
than or equal to 0.05. A Paired Samples T-test was used for each variable (ROM, jump landing 
MQ, DL squat MQ, SL squat MQ, and CMJ) totaling 5 T-tests in all.  
 Our second aim was to quantify the changes in any score that had a significant change 
from pre-season to mid-season. This change was found by subtracting the mid-season score from 
the pre-season score. This change score was used to identify associations between these changes 
in scores and training load. Specifically, we wanted to find the association between each test that 
had a significant difference (p £ 0.05) and cumulative sRPE training load. These associations 
were found by running a Pearson’s Correlation Coefficient for each pre to mid-season change 
and each training load measure.   
Results 
There was a total of 29 participants included  in this study. All participants were between 
the ages of 18-23 (mean age = 19.9, SD = 1.432) (Table 1). Some athletes were excluded from 
certain tests due to injuries or unreadable/lost data. 
 53 
 
Range of Motion 
 
There was a significant change from pre- to mid-season for ankle DF hip external 
rotation, and total hip rotational arc range of motion values (p £ 0.05) (Table 2). 
Specifically, ankle DF was improved by 44% and 46% on the left and right sides, respectively 
with a Cohen’s d effect size of 0.61-0.62 (n=29) (Table 2). In contrast, hip external rotation was 
reduced by 20% and 15% on the left and right sides, respectively. Total hip rotation arc of 
motion was also reduced by 9% on both sides. In contrast, there were no significant changes in 
hip internal rotation range of motion on either the left or right sides (p > 0.05) (Table 2).  
Lower Extremity Movement Quality and Power 
 
Lower extremity power during the propulsion phase of the countermovement jump was 
significantly improved by 8% from pre- to mid-season (p=0.016, Table 3) (n=22). However, the 
number of movement quality errors was unchanged for the jump-landing (LESS) (n= 24), double 
leg squat (n= 27), and single leg squat tasks (p>0.05, Table 3) (R: n= 26, L: n= 25).   
Association Between Training Load and Neuromuscular Changes 
 
Daily sRPE values were summed together each week from pre-season through the final 
match of the competitive season. Weekly cumulative sRPE values were then calculated for each 
participant across the first 10-weeks of the season. The sum of the weekly cumulative sRPE 
values was determined across the first 10-weeks of the season to quantify the cumulative training 
load values. The last week (week 10) was not a full 7 days. Five days into week 10 is when mid-
season testing took place.  
Average weekly training load measures of sRPE are presented in Figure 6. Descriptive 
statistics and correlation outcomes comparing training load values with movement quality 
change values are presented in Table 4. The only significant association between cumulative load 
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and range of motion change scores was with hip external rotation (right side) (p=.015, Figure 7. 
This finding indicates that greater cumulative sRPE was associated with larger increases in right 
hip external rotation range of motion from pre- to mid-season. There were no other significant 
associations for any of the other range of motion change scores (p>0.05, Table 4).  
There were no significant associations between cumulative training load and any of the 
movement quality measures (p>0.05, Table 4). Similarly, there was no significant association 
between cumulative training load and the change in lower extremity power output (p>0.05, Table 
4). 
Discussion  
 The primary purpose of this study was to determine if certain neuromuscular 
characteristics undergo negative changes between pre-season to mid-season in female college 
soccer athletes who are experiencing high training loads. Secondarily, we investigated if changes 
in neuromuscular characteristics were associated with cumulative training load during this time 
period. Our original hypotheses were largely unsupported as only hip external rotation and total 
hip rotation range of motion (ROM) values were reduced from pre- to mid-season. None of the 
other lower extremity ROM, movement quality, or power output measures demonstrated 
significant negative changes. In contrast to our hypotheses, there were statistically significant 
improvements in ankle DF ROM and LE power output (countermovement jump). Our findings 
also demonstrate that cumulative training load from pre- to mid-season was not associated with 
changes in movement quality, lower extremity power, and range of motion, except for right hip 
external rotation ROM. Thus, elite female college soccer athletes demonstrate mixed changes in 
their neuromuscular profile as they experience high training loads during the first half of their 
competitive season. 
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Bilateral hip external rotation and total hip rotational arc ROM values were significantly 
reduced from pre- to mid-season. These changes represent the only negative alterations in the 
neuromuscular profile of female college soccer athletes over the first half of their season. The 
reduced hip external and total rotation ROM values were associated with moderate to large 
Cohen’s d effect sizes (d = 0.55 to 0.71). In addition, prior research has shown the SEM value for 
hip rotation to be 4.5° and 7.5° with an intraclass correlation coefficient (ICC1,3) of 0.89 and 0.64 
for external and internal rotation ROM, respectively (Mauntel et al. 2013). In this study, hip ER 
has an average change of 5.1° and 6.8° on the left and right leg, respectively. Thus, the change in 
hip external rotation exceeded the previously reported SEM values (Roach et al. 2013; Mauntel 
et al. 2013). We believe that there was a meaningful reduction in hip external and total rotation 
ROM when considering the moderate to large effect sizes and the magnitude of change with 
respect to the precision of these measures.  
 In contrast, ankle DF ROM values were significantly improved from pre- to mid-season. 
Overall, ankle DF ROM improved by 3° on average (right = 3.3°, left = 2.8°), which represents 
more than 40% improvement pre-season and a moderate Cohen’s d effect size (d = 0.61 to 0.62). 
In addition, the observed changes exceed the previously reported SEM for our ankle DF ROM 
measures of 2.5° with an ICC1,3 of 0.90 (Mauntel et al. 2013). Thus, we believe these represent 
meaningful changes from pre- to mid-season.  
We believe the contrasting findings of reduced hip external and total arc rotation ROM 
with increased ankle DF ROM are influenced by the athlete’s baseline ROM values. Previous 
research reported ankle DF ROM values in females between 16-19 years old to be to be 17.3° 
and for females between 20-44 years old  to be 13.8° (Soucie et al. 2011; Baumbach et al. 2016). 
In our study of female college soccer athletes, the average ankle DF ROM was -6.4°, indicating 
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that our participant’s ROM was severely restricted. Starting at such a deficit in ankle DF in pre-
season provides a potential explanation as to the positive change that took place from pre-season 
to mid-season. With such restricted ROM in the pre-season, there was a very small chance that 
these ranges could worsen throughout the season as there was essentially a floor effect. Even 
with improved ankle DF ROM at mid-season, the average ankle DF ROM measures were -3.6° 
and -3.8° on the right and left sides, respectively. Thus, the athletes still demonstrated restricted 
ROM values in comparison to normative values.  
 Our findings of decreased hip rotation ROM from pre- to mid-season combined with 
continued presence of restricted ankle DF ROM at mid-season suggests that these may be 
potential intervention targets to minimize injury risk during the season. Reduced hip external and 
total rotation ROM from pre- to mid-season may be clinically relevant given the association 
between hip rotation ROM and ACL injury. Specifically, individual’s with prior ACL injury 
have been shown to have significantly less hip rotation ROM (VandenBerg et al. 2017; Gomes, 
Vieira De Castro, and Becker 2008). Similarly, ankle DF ROM has also been shown to be 
reduced in those with prior ACL injury (Fong et al. 2011; Wahlstedt and Rasmussen-Barr 2014), 
as well as those who demonstrate high risk movement patterns (e.g. excessive knee valgus 
collapse) (Donohue et al. 2015; Ageberg et al. 2010; Ugalde et al. 2015). Although DF range of 
motion improved from pre-season to mid-season in our study, what was most notable was the 
overall restriction in dorsiflexion ROM throughout the whole team. This would indicate that the 
team on average is at a higher risk for injuries such as ACL tears (Fong et al. 2011; Wahlstedt 
and Rasmussen-Barr 2014; Gomes, Vieira De Castro, and Becker 2008; Alentorn-Geli et al. 
2009). Thus, reduced hip external and total rotation ROM combined with restricted ankle DF 
ROM in female college soccer athletes may provide insight into why these athletes are reported 
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to be a high risk population for ACL injury (VandenBerg et al. 2017; Fong et al. 2011; Ageberg 
et al. 2010). These findings indicate that interventions to maintain or improve these ROM 
measures may be important to implement in female college soccer athletes. This suggests that 
mobility programs that would help increase hip and ankle ROM could in fact help decrease the 
overall risk of ACL injury in women’s soccer players.  
 In spite of reduced hip external and total rotation ROM combined with the continued 
presence of restricted ankle DF ROM, there were no changes in movement quality across the 
double leg squat, single leg squat, and jump-landing tasks. Another unexpected result was the 
significant improvement in LE power. We were surprised by these findings based on prior 
research indicating that training load can increase fatigue (Jones, Griffiths, and Mellalieu 2017) 
and that fatigue can be monitored by LE power in a countermovement jump (Balsalobre-Ferná 
ndez, Tejero-Gonzá lez, and del Campo-Vecino 2014). When an athlete is fatigued, they 
demonstrate reduced LE power during the countermovement jump during the push off / 
propulsion phase. A closer inspection of the weekly cumulative and acute:chronic workload 
ratios (ACWR) from pre- to mid-season may provide insights into understanding these surprising 
findings (Figure 7).  
 The highest cumulative training load values (team average) occurred during weeks 1 
(pre-season) and 9 (2 week prior to mid-season testing). During this time period the athletes 
performed soccer specific training and underwent organized strength and conditioning training 
sessions to improve strength, flexibility, and power. In addition, a total of 9 games were played 
between week 1 and 10, prior to mid-season testing. Thus, there was a significant training and 
potential fatigue inducing stimulus that was provided during the first 9-weeks of the season. The 
lowest cumulative training load value was observed in week 10, which was the week prior to 
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mid-season testing. During week 10 the team average training load values were reduced by 3.8-
fold and 3.2-fold, respectively compared to weeks 1 and 9. In addition, the team average ACWR 
at week 10 was 0.37, which was the lowest ACWR value observed from pre- to mid-season. 
Also, leading up to the mid-season testing, the athletes were traveling and played two games in 
California, taking a red eye flight getting back the day of testing at 7am. This was thought to be a 
good time to test the athletes it was seen as a time that they would be at a state of high fatigue. 
However, there was about a third of the team that did not play in either game, so they were well 
rested in preparation for the mid-season testing. Collectively, these findings show that the team’s 
training load was dramatically reduced during week 10, which may have introduced a recovery 
period. Thus, it is possible that athletes may not have experienced the cumulative effects of 
fatigue at the time of mid-season testing. Conducting mid-season testing after a week of reduced 
training load, which was preceded by 9-weeks of intensive training and competition, may have 
allowed for improved LE power during the countermovement jump and maintenance of good 
movement quality over the first half of the season.   
 A secondary purpose of our study was to examine the relationship between cumulative 
training load and changes in the neuromuscular profile of female college soccer athletes. We 
hypothesized that higher cumulative training loads would be associated with  negative changes in 
ROM, movement quality, and LE power. We found no evidence of higher training loads being 
associated with negative changes.  In contrast, we noted a positive correlation between the 
change in right hip external rotation ROM with training load (r= 0.447). The nature of this 
relationship indicates that those who experienced reduced cumulative training loads 
demonstrated the largest reduction in right hip external rotation ROM. Thus, those athletes who 
did not experience a sufficient training stimulus appear to undergo negative alterations in hip 
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external rotation ROM. This finding agrees with the theoretical “sweet spot” defined by Tim 
Gabbett in his 2016 article, suggesting that there may be a “sweet spot” with how one responds 
to training and that too little of a training stimulus may have negative effects that are similar to 
an excessive training stimulus (T. J. Gabbett 2016).  
Limitations and Future Research 
 In this study, there were a few limitations. One was the before-mentioned timing of the 
mid-season testing.  All players that did not participate in games had an adequate of time to rest 
which might have skewed the results slightly. Future studies should look to schedule the testing 
over a one game weekend where a more full week of practice occurs and the team has more even 
training load numbers. Three athletes came late into the season due to playing with national 
teams. These participants did not have accurate training load numbers as their sRPE scores did 
not start until the joined the team, but they were still practicing and playing at a very high level 
prior to enrolling in this study. Another limitation that could not be controlled is the athlete’s 
level of fitness coming into pre-season. Some athletes might have been training at a high level 
before coming into pre-season where others might not have been working at the same level. 
Our findings are limited to elite female soccer athletes as we only studied this population. 
However, we feel these findings are important as there is limited research investigating the 
neuromuscular and physiological response of female athletes over the course of a season. Future 
research involving female athletes with larger sample sizes and different sports is warranted. In 
addition, we only looked at select neuromuscular measures. It is possible that other 
neuromuscular measures, such as strength, rate of force development, joint kinetics, and postural 
stability may respond differently. These are variables that should be investigated in future 
research. Lastly, we examined the effects of cumulative training load following 10-weeks of 
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training and competitions. Rapid increases to one’s acute to chronic workload ratio may facilitate 
different adaptations in one’s neuromuscular profile. Thus, future research should examine how 
elevated acute to chronic workload ratios effect one’s neuromuscular profile.  
Future research should consider using GPS technology along with sRPE to measure 
training load and to see if external training load has a more direct correlation with movement 
quality measures. Future research should consider testing athletes directly after a spike is noted 
in their training load. By doing this the rater can more accurately capture if or how the body 
reacts to the loads being placed upon it. Future research should also be done comparing different 
the position groups, observing the differences in neuromuscular factors and training load.  
Conclusion and Clinical Relevance 
In this study there were a number of unexpected outcomes. We hypothesized that there 
would be negative changes from pre-season to mid-season in all neuromuscular factors, 
particularly in SLS, lower extremity power and LESS. Instead we saw only a negative change in 
hip ER and hip rotational arc and a positive change in lower extremity power and ankle DF. We 
hypothesized that power would be negatively affected throughout the season due to fatigue, but 
LE power improved from pre- to mid-season. The only correlation found between cumulative 
training load and all neuromuscular factors was a positive correlation between hip ER and 
cumulative training load.  
The Hip ER and ankle DF ROM findings indicate that implementing a program to help 
increase or maintain hip rotation ROM and ankle DF might decrease the risk that these limited 
ranges of motion have on ACL injury. Our findings suggest that when assessing a female soccer 
player, ankle DF and hip rotation measures should be observed. Perhaps by identifying decreased 
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hip rotation and ankle DF and improving upon it through stretch programs and rehabilitation, this 
may decrease their risk of ACL tear in female college soccer players.  
No evidence of higher loads being associated with negative changes in neuromuscular 
factors. A positive correlation was instead found indicating that those who experienced the 
lowest cumulative training loads had the largest reduction in right hip ER. This finding supports 
Hulin’s theory of a “sweet spot” and that too little training may also have the same negative 
effects that excessive training can (T. J. Gabbett 2016).  
 This study supports the importance of assessing an athlete’s range of motion throughout 
the season, particularly hip ER and ankle DF. The identification of limited range of motion in hip 
rotation and dorsiflexion may decrease the risk of ACL injury. This study also reinforces the 
importance of monitoring training load as well as reinforcing proper training ratios. Clinicians 
should utilize sRPE to monitor for excessive or insufficient training stimuli to identify those that 
are more at risk for injury (Hulin et al. 2016; T. J. Gabbett 2016). Our findings suggest that by 
the monitoring of training load and the implementation of programs to address hip rotation and 
ankle DF limitations, this could allow clinicians the ability to identify and minimize the risk of 






Table 1 : Participant Population 
 Mean St. Dev 
Age 19.867 1.432 
Weight (lbs) 142.999 15.161 
Height (inches) 66.220 2.243 
 Yes No 
Previous ACL Tear 9 20 
 
St. Dev: Standard Deviation 




Table 2: Range Of Motion Measures 
 
 
Pre-season Mid-season t- value p- value  
Effect 
Size 
 mean  sd mean sd 
Dorsiflexion Right -6.4 4.9 -3.6 3.5 -3.46 
0.002 0.62 
Left -7.1 5.4 -3.8 4.3 -3.29 0.003 0.61 
Hip IR Right  31.6 9.4 32.7 8.8 -0.85 0.405 0.16 
Left 35.2 8.4 33.9 8.5 1.54 0.135 0.29 
Hip ER Right 34.4 8.5 27.6 7.6 3.44 0.002 0.63 
Left 34.7 7.9 29.6 5.6 3.76 0.001 0.71 
Hip Rot 
Arc 
Right 66.0 10.6 60.3 11.3 2.97 0.006 0.55 
Left 69.9 10.0 63.6 9.8 3.78 0.003 0.70 
 
*There were no missing data points for any ROM measures* 
 
IR: Internal Rotation 
ER: External Rotation 
Rot Arc: Rotational Arc 
Sd: Standard Deviation 
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DLS  4.2 2 4.6 1.6 -1.54 0.319 0.32 27 2 29 
SLS 
Right 1.1 0.9 1 0.5 0.19 0.851 0.1 26 3 29 
Left 1.1 0.9 1.1 0.8 0 1 0 25 4 29 
LESS 
17 
 4.2 1.1 4.4 1.5 -0.51 0.612 0.17 24 5 29 
Power2 
Prop 
		 3040.4 539.9 3295.7 455.6 -2.61 0.016 0.55 22 7 29 
 
M: Missing  
T: Total 
DLS: Double Leg Squat 
SLS: Single Leg Squat 
LESS: Landing Error Scoring System 






Table 4: Correlations Between Cumulative Training Load and NM Factors and Changes 
from Pre- to Mid-season 
 
  r-value p-value Change Score 
  mean sd 
Dorsiflexion - Left 0.04 0.836 3.3 5.3 
Dorsiflexion - Right 0.099 0.609 2.9 4.5 
Hip IR - Left 0.261 0.172 -1.3 4.5 
Hip IR - Right -0.155 0.423 1.1 6.7 
Hip ER - Left -0.034 0.86 -5.1 7.2 
Hip ER - Right 0.447 0.015 -6.8 10.7 
Total Hip Rotation - Left 0.103 0.594 -6.3 9 
Total Hip Rotation - Right 0.358 0.057 -5.6 10.4 
LESS -0.091 0.640 0.3 1.5 
Squat -0.177 0.359 0.3 2.3 
CMJ Power 0.311 0.149 255.2 468.2 
 
 
LESS: Landing Error Scoring System 
CMJ: Countermovement Jump 
Sd: Standard Deviation 
NM: Neuromuscular  
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LESS: Landing Error Scoring System 
CMJ: Countermovement Jump  
ROM: Range of Motion  
IR: Internal Rotation  














































Figure 2: LESS Scoring 
 
LESS scoring  Explanation of Error Scoring 
Knee flexion: IC Knee is flexed  >30° at  initial contact. 0= Absent 1= Present 
Hip flexion: IC Trunk is in line with the thigh at initial contact. 0= Absent 1= Present 
Trunk Flexion: IC Trunk is vertical or extended on the hips at initial contact. 
0= Absent 
1= Present 
Ankle Plantarflexion: IC Foot lands heel to toe or with a flat foot at initial contact. 
0= Absent 
1= Present 
Medial knee position: IC Center of the patella is medial to the midfoot at initial contact. 
0= Absent 
1= Present 
Lateral trunk flexion: IC Midline of trunk is flexed more to the left or right side during initial contact. 
0= Absent 
1= Present 
Stance width: wide Feet are wider than shoulder width apart (defined by acromion process) at initial contact. 
0= Absent 
1= Present 
Stance width: narrow Feet are more narrow than shoulder width (acromion process) at initial contact. 
0= Absent 
1= Present 
Foot position: external rotation Foot is externally rotated >30° from initial contact to max knee flexion. 
0= Absent 
1= Present 
Foot position: internal rotation Foot is internally rotated <30° from initial contact to max knee flexion. 
0= Absent 
1= Present 
Symmetric initial foot contact: 
IC 
One foot lands before the other or one foot lands 
on the heel first but the other foot lands toe first. 
0= Absent 
1= Present 
Knee-flexion displacement Knee flexes <45° between initial contact and max knee flexion. 
0= Absent 
1= Present 
Trunk-flexion displacement The trunk does no flex more between initial contact and max knee flexion. 
0= Absent 
1= Present 




Soft: Participant has a large amount of trunk, hip 
and knee displacement. 
Average: Participant has some but not a large 
amount of trunk, hip and knee displacement.  
Stiff: Participant goes through very little, if any, 






2= Stiff  
Overall Impression  
Excellent: Participants displays a soft landing 
with no frontal or transverse plane motion. 
Average: all other motions 
Poor: Participant displays a large frontal or 
transverse plane motion, or the participant 
displays a stiff landing with some frontal or 





*IC= Initial Contact* 
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Figure 3: Double Leg Squat Scoring 
 
Movement 
Compensation Error Explained 
Scoring 
Right Left 
Foot Turns Out Any lateral deviation from the starting position  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Knee Moves in 
(Valgus) 
Mid-patella (knee cap) moves medial 
(inside) of the 1st toe (big toe)  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Knee Moves Out 
(Varus) 
Mid-patella moves lateral (outside) of 
the 5th toes (pinky toe)  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Excessive Forward 
Lean 
Inability to maintain trunk parallel to 
the tibia (lower leg)  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Arms Fall Forward Inability to maintain a straight line as an extension of the trunk  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Asymmetrical 
Weight Shift 
Any side to side deviation of the hips. 
Note the side the individual shifts 
towards (the participant’s right or left 
side)  
0 = Absent         
1 = Present 
0 = Absent         




Figure 4: Single Leg Squat Scoring 
 
Movement 
Compensation Error Explained 
Scoring 
Right Left 
Foot Turns Out Any lateral deviation from the starting position  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Knee Moves In 
(Valgus) 
Mid-patella (knee cap) moves medial 
(inside) of the 1st toe (big toe)  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Knee Moves Out 
(Varus)  
Mid-patella (knee cap) moves medial 
(inside) of the 1st toe (big toe)  
0 = Absent         
1 = Present 
0 = Absent         
1 = Present 
Hip Shift 
The hip on one side in notably higher 
or lower than the other side, due to 
glute me weakness. 
0 = Absent         
1 = Present 
0 = Absent         




Inability to maintain torso parallel to 
tibia and/or any change from 
starting/neutral position (rotation or 
side bending) 
0 = Absent         
1 = Present 
0 = Absent         




Figure 5: RPE Scale 
 
 
RPE: Ratings of Perceived Exertion  
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R Hip ER Range of Motion
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Figure 7: Weekly Cumulative Load vs. Acute: Chronic Training Load Ratio 
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